The effect- Previous stttdies with plant mitochondria have -shown many similarities with animal mitochondria regarding substrates which are oxidized as well as the action of respiratory chain inhibitors (4, 24, 27, 31) . One exception is the capacity of plant mitochondria to ox.idize extramitochondrial NADH (2, 5, 12, 22, 23, 25, 26) . Animal mitochondria only slowly oxidize or lack the capacity to oxidize externally added NADH (3, 9, 13, 29, 36) unless cytochrome c is added to the reaction mix or the mitochondria are subjected to treatments which facilitate the movement of NADH across the membrane (14, 29, 30, 34) . With higher plant mitochondria oxidation of-external NADH is rapid with P/O 1 Supported by Grants from the Atomic Energy Commission (AT/11-1/796) and the Office of Saline Water
. Similar to higher plant mitochondria, yeast mitochondria oxidize externally-added NADH by a pathway which is insensitive to rotenone (38) , an inhibitor which acts on the substrate side of cytochrome b (6, 8, 17, 32) . ' The yeast NADH oxidase also lacks the mercurialsensitive group functionally situated between NADH and flavoprotein as well as the characteristic electron paramagnetic spin signal at g = 1.94. These results as well as the low P/2e suggest that -in yeast the first phosphorylation site may not be operative with NADH as substrate (35, 38, 39, 43 
Materials and Methods
Mitochondria were isolated by differential centrifugation in 0.4 M sucrose, 20 mm tris-Cl buffer (pH 7.6) and 5 mM EDTA by previously described procedures btut with the omission of ADP during washing (28) . Oxygen was meastured polarographically wvith a Clark oxygen electrode in a 2.6 nil controlled temperature chamber. The value for dissolved O, in solution was corrected for temsperature (27°) anid dissolved KCl. In experiments in which state 4 rates were measured, the mi,tochondria were added to a reaction mixture containing substrate, 0.2 AI KCl, 4 mim MgCl,, 4 (27) . As pointed out by Ikuma and Bonner (27) this value is considerably higher than those reported for rat liver mnitochondria (17) . With both NADH and succinate, rotenone slightly enhanced state 4 oxidation (Fig. lA) . In contrast state 3 respiratory rates were inhibited, although never completely so. With succinate halfmaximail inhibition was attained at 10.1 nmoles/mg protein. NADH oxidation fell off slowly with increasinig concentration of rotenone and a maximum inhibitioni was not attained.
Effects of Antytal. With few exceptions rotenone aind oxybarbiturates have been found similar in their effects on electron transport with animal mitochondria (6, 8) . Similarly, with corn mitochondria the effects of amytal on substrate oxidation (Fig. 2) are very like the *effects with rotenon-e (Fig. 1) A short lag time in respiratory inhibition with antimycin A has been reported with animal mitochondria (17, 20) . One suggested explanation for the lag time was the accessibility of antimycin A to its site of inhibition (20) . To (41) . Table II shows that the presence of antimycin A during the passive swelling or its addition after 10 min passive swelling eliminated the lag time and resulted in maximal inhibition immediately after the addition of the substrate. In comparison, without preswelling, the extent of respiratory inhibition was less .than 15 % of the maximal inhibition obtainal)le. An apparent additional effect of preswelling was a lack of complete respiratory inhibition by antimycin A. Between 10 to 25 % of t.he respiration with each of the 3 substrates was insensitive to concentrations of antimycin A as high as 3.0 FtM for periods up to 10 min, the longest tested. It could be that while the swelling of mitochondria increases the accessibility of antimvcin A to the site of inhibition it also opens an antimycin-resistant pathway. Cytochrome c partially restored NADH oxidation after inhibition by antimycin A but did not restore either malate or succinate oxidation (. 
Discussion
Under state 4 conditions of NADH oxidation; neither amytal nor rotenone inhibited electron flow with corn mitochondria. However, during state 3 conditions, NADH oxidation was partially inhibited by both amytal and rotenone ( Fig. 1 and 2) . Thus, coupling of phosphorylation to electron transport appears to affect the sensitivity of NADH oxidation to these inhibitors. One possible explanation for this difference in sensitivity may be the presence of alternative pathways of oxidation in the different states. Based on spectrophotometric studies with yeast mitochondria, it has been proposed that both rotenone and amytal inhibit NADH-linked substrate oxidation at a site between 2 flavoproteins, FpDl and FPD2 located on the pathway to cytochrome b (6).
This pathway does not appear to be utilized by exogenous NADH oxidation which results in the reduction of still another flavoprotein component of Conditions are identical with Fig. 1 
